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(54) Automatic brake system of motor vehicle 

(57) When it is judged that a possible collision of the 
own vehicle with a preceding vehicle is avoidable by op- 
eration of either one of the brake pedal and steering 
wheel, a first grade braking force is automatically pro- 



duced. When It is judged that the possible collision is 
unavoidable by operation of either of the brake pedal 
and steering wheel, a second grade braking force (Fh) 
is automatically produced, which is greater than the first 
grade braking force (FJ. 
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Description 

[0001] The present invention relates in general to 
brake systems of wheeled motor vehicles, and more 
particularly the brake systems of an automatic type that 
automatically brakes the own vehicle when a collision 
against the preceding vehtele is highly estimated. 
[0002] Hitherto^ for the purpose of safety driving, var- 
ious automatic brake systems of the above-mentioned 
type have been proposed and put into practbal use in 
the field of wheeled motor vehicles. 
[0003] Some of the automatic brake systems are of a 
type that includes a radar device mounted on the own 
vehicle for detecting a vehicle interval distance between 
the own vehicle and the preceding vehicle and automat- 
ically brakes the own vehicle when a collision against 
the preceding vehicle is highly estimated with respect to 
the detected vehicle inten^al distance and speeds of the 
two vehicles. 

[0004] Laid-open Japanese Patent Applications 
(Tokkaihei) 6-298022 shows an automatic brake system 
of the above-mentioned type. In the system of this pub- 
lication, a first safety distance capable of avoiding a col- 
lision by a brake pedal operation and a second safety 
distance capable of avoiding the collision by a steering 
wheel operation are both calculated. When a detected 
vehicle interval distance is smaller than either one of the 
first and second safety distances, automatic braking 
takes place. However, due to its inherent construction, 
the automatic brake system of the publication has failed 
to exhibit a satisfactory operation. 
[0005] It is therefore an object of the present invention 
to provide an automatic brake system of a motor vehicle, 
which is superior to the above-mentioned brake system. 
[0006] More specifically, the present invention aims to 
provide an automatic brake system of a motor vehicle, 
which can brake the vehicle at an assured timing without 
providing a driver with an uncomfortable braking shock. 
[0007] In accordance with the present Invention, there 
is provided an automatic brake system of a motor vehi- 
cle which has a brake pedal and a steering wheel in- 
stalled therein, the system comprising a first section that 
detects a relative connection between the vehicle and 
a preceding object ahead of the vehicle; a second sec- 
tion that, when actuated, produces a braking force ap- 
plied to the vehicle, the braking force produced by the 
second section being isolated from a braking force pro- 
duced by the brake pedal; a third section that, based on 
the relative connection detected by the first section, car- 
ries out a judgment as to whether or not a possible col- 
lision of the vehicle with the preceding object is avoida- 
ble by operation of at least one of the brake pedal and 
the steering wheel; and a fourth section that actuates 
and controls the second section in accordance with the 
judgment made by the third section, thereby to control 
the braking force applied to the vehicle, wherein the 
fourth section is configured to carry out causing the sec- 
ond section to produce a first grade braking force when 



the third section judges that the possible collision would 
be avoidable by operation of either one of the brake ped- 
al and the steering wheel; and causing the second sec- 
tion to produce a second grade braking force when the 
5 third section judges that the possible collision would be 
unavoidable by operation of either of the brake pedal 
and the steering wheel, the second grade braking force 
being greater than the first grade braking force. 

10 BRIEF DESCRIPTION OF DRAWINGS 
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Fig. 1 is a block diagram of an automatic brake sys- 
tem of the present invention; 
Fig. 2 is a flowchart showing programmed operation 
steps executed by a control unit employed in the 
present invention; 

Fig. 3 is an illustration showing the concept of meas- 
uring the vehicle inten/al distance by using a scan- 
ning type laser-radar; 

Fig. 4 is an illustration showing the concept of meas- 
uring the vehicle interval distance by using a multi- 
beam type laser-radar; 

Fig. 5 is a characteristic graph depicting a steering 
action made by a driver in an emergency; 
Fig. 6 is a characteristic graph showing a relation 
between a tire slip angle and a tire lateral force; 
Fig. 7 is a characteristic graph depicting a relation 
between a lateral moved distance needed for avoid- 
ing a collision by operating a steering wheel, a time 
needed for avoiding the collision by operating the 
steering wheel,and a vehicle speed; 
Fig. 8 is an illustration depicting a relation between 
braking forces Fl and Fh; and 
Fig. 9 is an illustration depicting the operation car- 
ried out by the invention. 

DETAILED DESCRIPTION OF EMBODIMENT 



[0009] In Fig. 1 . there is shown a block diagram of an 
automatte brake system of the present invention. 
[0010] In the drawing, denoted by numeral! is a scan- 
ning type laser-radar that detects a vehicle interval dis- 

45 tance, that Is, the distance between an own vehicle and 
a preceding veh Icle. It Is to be noted that the own vehicle 
is the vehicle that has the automatic brake system of the 
invention mounted thereon, and the preceding vehicle 
is the vehicle that is running ahead of the own vehicle. 

50 [001 1 ] Laser-radar 1 is mounted on a laterally middle 
front position of the own vehicle. Laser-radar 1 emits 
periodically a laser ray forward scanning over a prede- 
termined angle range and receives a laser ray that has 
been reflected from the preceding vehicle. Based on a 

55 time difference between the laser ray emitting timing 
and laser ray receiving timing, a vehicle interval distance 
between the preceding vehicle and the own vehicle is 
actually measured in each scanning angle. Denoted by 
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numeral 2 is a vehicle speed sensor that detects a ve- 
hicle speed of the own vehicle. Information signals from 
laser-radar 1 and vehicle speed sensor 2 are led into a 
control unit 10. Control unit 10 has a microiarocessor 
that comprises generally a central processing unit 
(CPU), a random access memory (RAM), a read only 
memory (ROM), and input and output interfaces. 
[0012] In control unit 10, anautomatic brake control 
process is carried out in a predetermined period. That 
is, based on the infomnation signals from laser-radar 1 
and vehicle speed sensor 2, judgment is carried out as 
to whether an automatic braking is needed or not. If 
need is judged, control unit 10 controls a braking force 
control device 15 to produce a controlled braking force 
applied to road wheels of the own vehicle. It is to be 
noted that braking force control device 15 is of a brake- 
by-wiro type which has no direct connection with a brake 
pedal mounted in ihc own vehicle. 
[0013] Rclcinn^ lo Fig 2. Ihere is shown a flowchart 
thdt depictb proginriinicd operation steps executed by 
conirol unit 10. 

[001 4] That IS. at step SI . a needed lateral moved dis- 
tance. Y. is calculated ror this calculation, information 
signals from laser-radar 1 arc read and based on these 
signals, a relative vehicle interval distance, d, and a rel- 
ative vehicle speed. Vr, in the traveling direction of the 
own vehicle are detected. Furthermore, based on the 
information signals from laser-radar 1 , distances be- 
tween each of right and left rear edges of the preceding 
vehicle and a laser-emitter of laser-radar 1 and angles 
of the right and left rear edges of the preceding vehrcle 
relative to the laser-emitter of laser-radar 1 are detect- 
ed. Based on these detected data, the lateral moved dis- 
tance, Y. needed for avoiding a possible collision of the 
own vehicle with the preceding vehicle is calculated. 
[0015] The relative vehicle speed, Vr, is provided by 
differentiating the relative vehicle interval distance, d, 
with time, that is, by treating the signal of the distance, 
d, by a band-pass filter. 

[0016] The right and left rear edges of the preceding 
vehicle are detected based on the detected information 
signals provided by laser-radar 1 , and based on the an- 
gles of the right and left rear edges, the needed lateral 
moved distance, Y, is calculated. That is, as is seen from 
Fig. 3, with respect to traveling direction of own vehicle, 
the angles 8^ and of the right and left rear edges of 
the preceding vehicle are derived based on detected in- 
fonnation signals from laser-radar 1 and a scanning an- 
gle of the emitted laser beam. Then, the smaller angle, 
that is, the angle in the two angles, is selected for 
calculating the needed lateral moved distance, Y, by us- 
ing the following equation (1): 

Y = d X sin (9)+ Lw/2 (1) 

wherein: 



Lw: width of own vehicle. 

[0017] It is to be noted that equation (1) is based on 
a case wherein laser-radar 1 is located at the laterally 

5 middle portion of the own vehicle. Thus, when laser-ra- 
dar 1 is located at a position offset from the laterally mid- 
dle portion, it is necessary to modify the equation (1) by 
taking the offset degree into consideration. 
[0018] When the own vehicle is considerably offset to 

10 the preceding vehicle with respect to a traveling path, it 
sometimes occurs that one of the angles 0^ and of 
the right and left rear edges of the preceding vehicle fails 
to be detected. However, in such case, the detected one 
is used in the equation (1 ) for deriving the needed lateral 

15 moved distance, Y. 

[0019] In the above mentioned case, as laser-radar 1 , 
a scanning type is used. However, in place of such type, 
a multi-beam type may be also used in the present in- 
vention. 

20 [0020] That is, in case of the multi-beam type laser- 
radar, as is shown in Fig. 4, based on detected informa- 
tion signals from laser-radar 1 , the preceding vehicle is 
detected as an object placed in a zone having a certain 
width. In case of Fig. 4, judgment is so made that, with 

25 respect to the traveling direction of own vehicle, the pre- 
ceding vehicle is placed within a zone more left than a 
right position that is displaced from a position of angle 
Gi by an angle of Gg- In the illustrated case, the right rear 
edge of the preceding vehicle is detected as a position 

30 of the smallest angle G^ , and the above equation (1 ) is 
used for deriving a needed lateral moved distance, Y, 
using the angle G-i as G. 

[0021] If, like in the above-mentioned scanning type 
laser-radar 1 , only one of right and left rear edges of the 

35 preceding vehicle is detected, the angle of the detected 
right or left rear edge is used in the equation (1) for ob- 
taining the needed lateral moved distance, Y. 
[0022] Furthemnore, when laser-radar 1 is located at 
a position offset from the laterally middle portion of the 

40 own vehicle, there is a need of modifying the equation 
(1 ) by taking the offset degree into consideration. 
[0023] As has been described hereinabove, even 
when the offset degree of the preceding vehicle relative 
to the own vehicle varies, the lateral moved distance 

45 needed for avoiding a possible collision against the pre- 
ceding vehicle by handling a steering wheel is calculat- 
ed in accordance with the various situations. Thus, cal- 
culation forjudging whetherthe collision would be avoid- 
ed by handing the steering wheel is precisely carried 

50 out. 

[0024] Refemng back to the flowchart of Fig. 2, at step 
S2, preparation of judgment for possibility of collision 
avoidance by braking action is made. That is, the judg- 
ment is carried out as to whether or not the vehicle col- 
55 lision would be avoided by depressing a brake pedal of 
the own vehicle. 

[0025] That is, as is shown in Fig. 3, when it is as- 
sumed that the vehicle interval distance and the relative 
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vehicle speed are d and Vr respectively, a deceleration 
obtained when braking the own vehicle for avoiding the 
collision is "a" (for example, 8.0 m/s^) and a dead time 
elapsed from a time when a brake pedal is depressed 
by a driver to a time when due to the brake pedal de- 
pression a certain deceleration is actually produced is 
Td (for example, 0.2 sec), avoidance of the vehicle col- 
lision is possible only when satisfying the following Ine- 
quality (2): 



d < - Vr X + (Vr)^/(2 x a) 



(2) 



[0026] Thus, by applying the relative vehicle interval 
distance, d. and relative vehicle speed, Vr, which are 
derived at step SI , to the above inequality (2), judgment 
is carried out. 

[0027] Then, at step S3, preparation of judgment for 
possibility of collision avoidance by steering action Is 
made. That is, judgment is earned out as to whether or 
not the vehicle collision would be avoided by turning the 
steering wheel of own vehicle. 

[0028] First, a time, Ty, needed by the own vehicle for 
carrying out a lateral movement by the lateral moved 
distance, Y, is calculated. Now, a steering characteristic 
of the own vehicle is represented by the following equa- 
tions (3) and (4): 



10 



15 



20 



m X V X (r + dB/dt) = 2 x Yp + 2 x Yr 



(3) 



Iz X dr/dt = 2 X IF x YF-2 x 1R x YR (4) 



Yp=fp X [P + (1f/v) X r-Op] 



YR = fR x[p-{lR/v)xr] 



wherein: 



[0029] For providing the equations (3) and (4), an as- 
sumption is so made that, as is seen from the graph of 
Fig. 5, in an emergency, a driver turns a steering wheel 
to a maximum steered position (viz., by a maximum 
steered angle) at a certain steering speed. In Fig. 5, the 
X-axis indicates an elapsed time and y-axis indicates a 
steered angle. That is, as shown in the graph, in an 
emergency, the steered angle is instantly increased to 
the maximum value at a certain speed (viz., gradient) — 
[0030] It is to be noted that fp and fp, are functions that 
represent correspondence to a tire slip angle and a tire 
lateral force respectively. Fig. 6 is a graph showing the 
relationship between tire slip angle fp and tire lateral 
force fp. As shown, with increase of tire slip angle fp, tire 
lateral force f^ increases, and at a smaller zone of tire 
slip angle fp, variation of tire lateral force f^ relative to 
tire slip angle fp is high. 

[0031] Now, the lateral moved distance, Y, is repre- 
sented by the following equation (5), that is, by vehicle 
speed, v, yaw rate, r, and vehicle body slip angle, p. 
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m : weight of vehicle; 

Iz : inertia moment of vehicle in yaw direction; 
V : speed of vehicle; 
r : yaw rate 

P : slip angle of vehicle body; 

1p : distance between center of gravity of vehicle 

body and an axis passing through centers of front 

wheels; 

1p : distance between center of gravity of vehicle 
body and axis passing through centers of rear 
wheels; 

Yp : lateral force generated in front wheels; 
Yr : lateral force generated In rear wheels; and 
Bp : steered angle of front wheels. 



45 



Y= J[v X sin (j rdt+p)ldt 



(5) 



50 



55 



[0032] Accordingly, by practically using the equations 
(3), (4),and (5), the time needed for carrying out the lat- 
eral movement by the lateral moved distance, Y, can be 
calculated. 

[0033] If the equations (3), (4),and (5) are executed 
on an on-line system, remarkable time is needed. Thus, 
if necessary, such execution may be carried out on an 
off-line. In this case, the results are depicted by a map 
as shown in Fig. 7. 

[0034] In the map of Fig. 7, the x-axis indicates the 
lateral moved distance, Y, needed for avoiding a colli- 
sion by handling a steering wheel and the y-axis indi- 
cates the time, Ty, needed for avoiding a collision by 
handling the steering wheel. As shown, with increase of 
the needed lateral moved distance, Y, the needed time, 
Ty, increases, and with decrease of vehicle speed, the 
needed time, Ty, increases. Accordingly, In order to find 
out the time, Ty, needed for avoiding a collision against 
the preceding vehicle by handling a steering wheel, the 
map of Fig. 7 can be used. 

[0035] If an estimated time, dA/r, until a collision and 
the needed time, Ty, for avoiding the collision by han- 
dling the steering wheel satisfy the following inequality 
(6), judgment is so made that it Is Impossible to avoid 
the collision by handling the steering wheel. 



dA/r<Ty 



(6) 



[0036] Based on the results of execution of the equa- 
tions (3), (4), (5),and (6), judgment is carried out as to 
whether avoidance of collision of own vehicle against 
the preceding vehicle is possible or not by handling a 
steering wheel. That is, the needed time for avoiding a 



4 



BNSDOCID: <EP 130027SA1 J_> 



7 



EP 1 300 275 A1 



8 



collision by handling the steering wheel is calculated in 
accordance with the steering characteristic of the own 
vehicle, and thus, judgment for possibility of the collision 
is precisely carried out. Furthermore, in the present in- 
vention, the steering behavior characteristic of a driver 
in an emergency is practically used for calculating the 
time needed for avoiding the collision by handling steer- 
ing wheel. Thus, much precise calculation of the needed 
time is obtained. 

[0037] Referring back to the flowchart of Flg.2, at step 
S4, judgment is candied out as to whether or not avoid- 
ance of the collision is impossible by either of depress- 
ing the brake pedal (S2) and turning the steering wheel 
(S3). If YES, that is, when it is judged that the collision 
would not be avoided even when the brake pedal is de- 
pressed and the steering wheel is turned, the operation 
flow goes to step S5. At this step S5, an instruction sig- 
nal is applied to braking force control device 1 5 (see Fig. 
1 ) to produce a predetermined higher degree of braking 
force, Fh- 

[0038] If NO at step S4, that is, when it is judged that 
avoiding of collision by depressing the brake pedal and 
turning the steering wheel is possible, the operation step 
goes to step S6. At this step S6, judgment is carried out 
as to whether avoidance of collision is impossible or not 
by one of the braking and steering actions. 
[0039] If YES at step S6, that is, if avoiding of collision 
by one of the braking and steering actions is judged im- 
possible (in other words, avoiding of collision by one of 
the braking and steering actions is judged possible), the 
operation flow goes to step S7. At this step S7. an in- 
struction signal is applied to braking force control device 
1 5 to produce a lower degree of braking force, F^. 
[0040] If NO at step S6, that is, if avoiding of collision 
by either of the braking and steering actions is judged 
possible, the operation flow goes to step S8. At this step 
S8, an instruction signal is applied to braking force con- 
trol device 15 to stop generation of the braking force. 
[0041 ] As is seen from the graph of Fig. 8, the above- 
mentioned braking force Fl is a force that gradually in- 
creases with a certain gradient a, and the above-men- 
tioned braking force Fh is set at a predetermined value 
that is greater than the braking force Fl- As is seen from 
the graph, upon need of the higher braking force Fh, the 
braking force Fl has already shown an Increased value. 
Thus, when it is judged that avoidance of collision by 
either of the braking and steering actions is impossible, 
the higher braking force F^ is instantly obtained. 
[0042] The gradient a of the braking force Fl is so de- 
termined that upon shifting of the braking force from val- 
ue Fl to value Fh, the difference AF appearing therebe- 
tween is smaller than a predetermined value. The dif- 
ference AF is so determined as not to give a driver an 
uncomfortable braking shock. Concretely, the difference 
AF is determined by the following manner 
[0043] First, a time T^ that would pass from a time 
when the lower braking force Fl is actually applied to 
the road wheels and a time when the higher braking 



force Fh is actually applied to the road wheels Is esti- 
mated. That is, in case wherein after judgment of impos- 
sibility of collision avoidance by the braking action, judg- 
ment is so made that the collision avoidance is also im- 
5 possible even by the steering action, the estimated time 
T., is derived from the following equation (7): 

Ti = dA/r - Ty (7) 

10 

wherein: 

Ty: time needed for avoiding collision by handling 
steering wheel (see step S3). 

15 

[0044] While, in case wherein after judgment of im- 
possibility of collision avoidance by the steering action, 
judgment is so made that the collision avoidance is also 
impossible even by the braking action, the estimated 
time T., is derived from the following equation (8): 

T^ = - (d-Vr^/2 X a + Vr X Td) / Vr (8) 

25 [0045] Based on the estimated time T^ thus obtained 
from equation (7) or (8), the gradient a of braking force 
is derived from the following equation (9): 

30 a=(FH-AF)/T, (9) 

[0046] The braking force Fl is controlled to gradually 
increase with the gradient a thus obtained. 
[0047] In the following, operation of the automatic 
brake system of the present invention will be described. 
[0048] When a preceding vehicle is running ahead of 
the own vehicle, infomriation signals issued by laser-ra- 
dar 1 are led into control unit 10, and based on the sig- 
nals, control unit 1 0 derives the vehicle interval distance, 
d, and the relative vehicle speed, Vr, and derives the 
respective angles defined by the right and left rear edg- 
es of the preceding vehicle relative to the laser-emitter 
of the own vehicle In the above-mentioned manner. 
[0049] When now, as is seen from Rg. 2, the preced- 
ing vehicle is running on a traveling line that Is more left 
than that of the own vehicle, both the angles and 
of the right and left rear edges of the preceding vehicle 
relative to the laser-emitter of the own vehicle are de- 
tected. The smaller angle G^ is selected, and based on 
the selected smaller angle G^ , the needed lateral moved 
distance, Y, is calculated (step 81 of Fig. 2). 
[0050] When, due to a greater value of the vehicle in- 
terval distance, d, the inequality (2) is satisfied, judg- 
ment is so made that a collision against the preceding 
vehicle can be avoided by depressing the brake pedal 
(step S2). Then , the time, Ty, needed for moving the own 
vehicle by the lateral moved distance, Y, is calculated. 
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And, if the needed time. Ty, fails to satisfy the inequality 
(6), judgment is so made that the collision can be avoid- 
ed by turning the steering wheel. Thus, the operation 
flow goes through steps S4 and S6 to step S8. In this 
case, generation of braking force by braking force con- 
trol device 15 is not can-led out. 
[0051] That is, when the vehicle inten/al distance d 
between the own vehicle and the preceding vehicle is 
great, braking force control device 15 does not produce 
a braking force while judging that a possible collision 
against the preceding vehicle can be avoided by normal 
control effected by the driver, that is, by depressing the 
brake pedal and/or turning the steering wheel. 
[0052] When thereafter the relative vehicle interval 
distance, d, becomes shorter to such a value that the 
inequality (2) is satisfied but the time, Ty, needed for 
avoiding the collision by the steering action fails to sat- 
isfy the cquauon (7). judgment is so made that the col- 
lision rivoidrfncc IS possible by the braking action but im- 
possible by the slecnng rtction. Thus, the operation flow 
goes through steps S4 and S6 to step S7. That is, in this 
case, the braking force control device 15 is actuated to 
generate a braking force 

[0053] Upon this, the braking force Fl thus generated 
is gradually increased from 0 (zero) with the certain gra- 
dient a. in case wherein after judgment of impossibility 
of collision avoidance by the steering action, judgment 
is so made that the collision avoidance is also impossi- 
ble even by the braking action, the time needed until 
starting of application of the braking force Fh is calcu- 
lated by equation (8). Based on this needed time T^ thus 
calculated, the gradient a of braking force Fl is derived 
by using the equation (9) and in accordance with the 
gradient a, the braking force produced by braking force 
control device 15 is suitably controlled. 
[0054] Accordingly, as is seen from Fig. 9, from a time 
ti when judgment is so made that the collision avoid- 
ance is impossible by the steering action, braking force 
control device 15 generates the braking force Fl that 
gradually increases from 0 (zero) with the certain gradi- 
ent a. 

[0055] Within a time for which the collision avoidance 
is possible by the braking action but impossible by the 
steering aaion, the braking force Fl is kept generated 
and gradually increased. 

[0056] When now, due to reduction of vehicle inten^al 
distance d the inequality (2) becomes unsatisfied and 
thus judgment is so made that the collision avoidance 
is impossible even by the braking action, that is, when 
judgment is so made that the collision avoidance is im- 
possible by either of the braking and steering actions, 
the operation flow goes through step S4 to step S5. At 
this step, braking force control device 1 5 is commanded 
to generate the higher braking force, F^^. 
[0057] Thus, as is seen from Fig. 9, at a tinne tg, there 
is produced the braking force F^ that is higher than the 
braking force Fl- That is, when it is judged that the col- 
lision avoidance is Impossible by either of the braking 



and steering actions, that is, when it is judged that the 
possible collision can not be avoided by the braking and/ 
or steering action by a driver, the higher braking force, 
Fh, is enforcedly generated by braking force control de- 
5 vice 15. With this, the collision against the preceding ve- 
hicle can be actually avoided. 

[0058] As Is seen from Fig. 9, at the time t2, the higher 
braking force, Fh, starts to be generated. However, at 
the time t2, the smaller braking force, Fl. has already 
10 increased to a certain level, and thus, the gap appearing 
between the two braking forces Fh and Fl at the time tg 
does not give a driver an uncomfortable braking shock. 
[0059] When , at the time t^ , it is judged that the colli- 
sion avoidance is possible by the steering action but im- 
15 possible by the braking action, the operation flow goes 
through steps S4 and S6 to step S7 to actuate braking 
force control device 1 5 to generate the braking force Fl- 
Since, in this case, the collision avoidance by the steer- 
ing action is judged possible, the time T^ needed until 
20 starting of application of the braking force Fh is calcu- 
lated by using equation (7). And, based on the needed 
time T., thus calculated, the gradient o of the braking 
force is calculated by using equation (9). 
[0060] Thus, at time t.,, braking force control device 
25 15 generates braking force Fl that increases with gra- 
dient a, and at time t2 when it is judged that collision 
avoidance is impossible by either of the braking and 
steering actions, braking force control device 15 gener- 
ates higher braking force Fh- However, for the reason 
30 as has been described hereinabove, the gap appearing 
between the two braking forces Fh and Fl at the time t2 
does not give a driver an uncomfortable braking shock. 
[0061] Upon this, higher braking force Fh is applied to 
the road wheels of the own vehicle, and thereafter, the 
35 driver carries out a steering action or braking action, so 
that a safety distance, d, can be provided and kept be- 
tween the preceding and own vehicles. When, at the 
time t3 when the inequalities (2) and (6) are estabiished, 
the operation flow of the flowchart goes through st.^fos 
40 S4 and S6 to step SB. At this step, braking force - ^ 'i^'*- 
erated by braking force control device 15 is grsduaJiy 
reduced with a certain gradient a'. The gradual recuc- 
tion of the braking force Fh does not give the driver un- 
comfortable braking shock. 
45 [0062] As Is described hereinabove. In case of auto- 
matically producing a braking force by braking force 
control device 15, braking force Fl is gradually in- 
creased from 0 (zero) to a certain level and in case of 
stopping the braking force, the braking force Fh is grad- 
50 ually reduced to 0 (zero). Thus, applteation and removal 
of the braking force Fl or Fh to and from the own vehicle 
do not provide a driver with an uncomfortable shock. 
[0063] In the present invention, the brake application 
timing made by braking force control device 15 is con- 
55 trolled by the steering characteristics of the own vehicle 
as well as vehicle interval distance, d, and relative ve- 
hicle speed, Vr, Accordingly, judgment as to whether a 
collision against the preceding vehicle by steering action 
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is possible or not is precisely made. Furthermore, in the 
present invention, the time needed for avoiding the ve- 
hicle collision by the steering action is calculated with 
reference to the steering behavior characteristic of a 
driver who is in an emergency. Thus, much practical 
time needed for the collision avoidance by steering ac- 
tion is obtained. 

[0064] When, undercruisingof own vehicle with a pre- 
ceding vehicle running ahead, it is judged that a collision 
against the preceding vehicle can not be avoided by the io 
steering action or the braking action, a gradually in- 
creased smaller braking force, Fl. is produced by brak- 
ing force control device 15. When thereafter it becomes 
judged that such vehicle collision can not be avoided by 
either of the steering and braking actions, the lower '5 
braking force, Fl, is instantly increased to a higher level, 
Fh- That is, upon requirement of higher braking force. 
F^, the force F^ is instantly obtained, which brings about 
an assured avoidance of collision against the preceding 
vehicle. 

[0065] The higher braking force, F^. is produced only 
when it is judged that the collision avoidance is impos- 
sible by either of the steering and braking actions. Ac- 
cordingly, when it is judged that the collision would be 
easily avoided by a driver's handling, that Is, by turning ^5 
the steering wheel or depressing the brake pedal, such 
higher braking force, F^, which is not necessary in this 
case, is not produced. 

[0066] For judging the possibility of collision against 
the preceding vehicle, the needed lateral moved dis- 30 
tance, Y is used. Thus, even if the own and preceding 
vehicles are running on respective traveling lanes that 
are offset from each other, the judgment as to possibility 
of collision is precisely carried out. For this judgment, 
various features of the own vehicle and the steering 35 
characteristic of a driver are used as factors in addition 
to the needed lateral moved distance, Y. Thus, precise 
judgment as to possibility of vehicle collision is carried 
out. 

[0067] For obtaining the needed lateral moved dIs- 40 
tance, Y the smaller one of the two angles and Gg of 
the right and left rear edges of the preceding vehicle is 
used. That is, based on the smaller one, judgment is 
carried out as to whether a collision against the preced- 
ing vehicle can be avoided or not if the steering wheel -^5 
is turned in a direction corresponding to the smaller an- 
gle. This means that judgment for the possibility of 
avoiding the collision is applied to one of right and left 
turnings of the steering wheel, that has a higher possi- 
bility of avoiding the vehicle collision. If this judgment so 
issues a high possibility of avoiding the vehicle collision, 
no braking force is produced by braking force control 
device 15. 

[0068] The entire contents of Japanese Patent Appli- 
cation 2001-309247 filed October 4, 2001 are incorpo- 55 

rated herein by reference. 

[0069] Although the invention has been described 
above with reference to the embodiment of the inven- 



tion, the invention is not limited to such embodiment as 
described above. Various modifications and variations 
of such embodiment may be carried out by those skilled 
in the art, in light of the above description. 



Claims 

1 . An automatic brake system of a motor vehicle which 
has a brake pedal and a steering wheel installed 
therein, the system comprising: 

a first section (1,2) that detects a relative con- 
nection between the vehicle and a preceding 
object ahead of the vehicle; 
a second section (15) that, when actuated, pro- 
duces a braking force applied to the vehicle, the 
braking force produced by the second section 
being isolated from a braking force produced 
by the brake pedal; 

a third section (10) that, based on the relative 
connection detected by the first section, carries 
out a judgment as to whether or not a possible 
collision of the vehicle with the preceding object 
is avoidable by operation of at least one of the 
brake pedal and the steering wheel; and 
a fourth section (1 0) that actuates and controls 
the second section in accordance with the judg- 
ment made by the third section, thereby to con- 
trol the braking force applied to the vehicle, 
wherein the fourth section is configuredto carry 
out: 

causing the second section to produce a 
first grade braking force (FJ when the third 
section judges that the possible collision 
would be avoidable by operation of either 
one of the brake pedal and the steering 
wheel; and 

causing the second section to produce a 
second grade braking force (F^) when the 
third section judges that the possible colli- 
sion would be unavoidable by operation of 
either of the brake pedal and the steering 
wheel, the second grade braking force (F^) 
being greater than the first grade braking 
force (Fl). 

2. An automatic brake system as claimed in Claim 1 , 
in which the third section comprises: 

a steering-based judge section that can-ies out 
a judgment as to whether or not the collision 
would be avoidable by operation of the steering 
wheel; and 

a braking-based judge section that carious out 
a judgment as to whether or not the collision 
would be avoidable by operation of the brake 
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pedal. 

An automatic brake system as claimed in Claim 2, 
in which the steering-based judge section Is config- 
ured to carry out: ^ 

calculating, based on the relative connection 
detected by the first section, a lateral moved 
distance (Y) that is needed for avoiding the col- 
lision by operating the steering wheel; 
calculating, based on the calculated lateral 
moved distance, a first time (Ty) needed by the 
vehicle for moving by the lateral moved dis- 
tance; 

calculating a second time (dA/r) that passes un- is 
til a time when the vehicle would collide against 
the preceding object; and 
judging that the collision Is unavoidable when 
the first time is greater than the second time. 

20 

. An automatic brake system as claimed in Claim 3, 
in which the steering-based judge section is config- 
ured to derive the lateral moved distance based on 
a positional relationship between the vehicle and 
each of lateral rear edges of the preceding object. 25 

. An automatic brake system as claimed in Claim 4, 
in which the steering-based judge section is config- 
ured to carry out determining, based on the posi- 
tional relationship between the vehicle and each of 30 
lateral rear edges of the preceding object, a turning 
direction ot the steering wheel that would induce a 
higher possibility of avoiding the collision. 

6. An automatic brake system as claimed in Claim 5, 35 
in which the steering-based judge section is config- 
ured to carry out: 



9. An automatic brake system as claimed in Claim 1 , 
2, 3, 4, 5, 6, 7. or 8, in which the first grade braking 
force produced by the second section is gradually 
increased with passage of time, and a gap appear- 
ing between the first grade braking force and the 
second grade braking force at the time when the 
braking force produced by the second section 
switches from the first grade braking force to the 
second grade braking force Is smaller than a pre- 
determined value. 



calculating a first lateral moved distance that is 
provided when the steering wheel would be 40 
turned in one direction for avoiding the collision; 
calculating a second lateral moved distance 
that is provided when the steering wheel would 
be tumed in the other direction for avoiding the 
collision; and 

detennlnlng smaller one of the first and second 
lateral moved distances to the needed lateral 
moved distance. 

7. An automatic brake system as claimed in Claim 3, so 
4, 5,or 6, in which the second time is calculated 
based on dimensional and drivabillty features of the 
vehicle. 



8. An automatic brake system as claimed in Claim 3, 55 
4, 5, 6,or 7, In which the second time is calculated 
based on a steering behavior characteristic of a 
driver in an emergency. 
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